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Early Repolarization: A Benign
Electrocardiographic Pattern or
an Ominous Proarrhythmic Sign?*
Federico Lombardi, MD
Milan, Italy
It is a relatively common experience for a clinical cardiolo-
gist to read electrocardiograms (ECGs) with ST-segment
and J-point elevation and make a diagnosis of an early
repolarization (ER) pattern (1,2). These alterations are
predominantly observed in young active males and have
long been considered of benign significance. Enhanced
parasympathetic activity and increased cardiovascular fitness
are the most common explanation for these ECG altera-
tions (1–3).
See page 863
A growing number of recent reports (4–6), however,
have associated J-wave elevation or pathological J wave (i.e.,
one of the typical ECG characteristics of the ER pattern)
with an increased risk of cardiac sudden death and primary
ventricular fibrillation. Haissaguerre et al. (4) were the first
to describe an increased prevalence of J-point elevation in
patients with idiopathic ventricular fibrillation. Cappato et al.
(5) confirmed this observation in athlete victims of sudden
ardiac death. In a recent paper, Tereshchenko et al. (7)
eported that in patients with implantable cardioverter-
efibrillators with structural heart disease, a transient eleva-
ion of the relative intracardiac J-point amplitude was
etectable before the onset of polymorphic ventricular
achycardia/fibrillation. Unfortunately, there was no signif-
cant correlation between far-field electrogram J-wave am-
litude and J-point elevation on surface ECG, thus leaving
nsettled the predictive value of this QRS abnormality
hen only the surface ECG is considered (7).
These and other observations (5–8) have generated
oubts about the benign interpretation of the ER pattern
nd have stimulated a lively debate on its clinical signifi-
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relevant to the contents of this paper to disclose.ance. The possibility that in the broad and variable defi-
ition of ER we include different types of patients, and
robably different diseases, is the most likely explanation for
hese contrasting results (9). Indeed, we have only limited
nformation on the clinical significance of ER in relation to
he age of the patients, the presence or absence of structural
eart disease, or the type and localization of these ECG
bnormalities.
In this issue of the Journal, Walsh et al. (10) provided an
mportant step in the understanding of the definition,
atural history, and prospective association of cardiovascular
isk factor with ER. The researchers collected data on 5,060
articipants from the CARDIA (Coronary Artery Risk
evelopment in Young Adults) cohort over 20 years and
ere able to analyze the prevalence of ER in asymptomatic
ndividuals and identify predictors of ER maintenance over
ime. A definite ER pattern was present in 18.6% of
articipants at baseline but only in 4.9% after 20 years.
ounger age, black race, male sex, longer exercise capacity,
nd QRS duration were among the most relevant parame-
ers associated with the presence of ER. In the majority of
articipants, there was a spontaneous regression of ER
attern by middle age. Black race, lower body mass index,
nd longer QRS duration were independently associated
ith maintenance of ER over time. The researchers have to
e commended for several aspects of the study: the large
tudy population; the use of a precise and coded ECG
efinition of ER; and the description of the natural history
f ER in relation to maintenance, regression, and develop-
ent over time. Indeed, only 31 participants developed an
R pattern within the 20-year duration of the study and, of
articular interest, only 21 deaths were attributable to
ardiovascular disease during the entire follow-up period.
These results reassure the clinical cardiologists but need
o be considered in a more general context. First of all, the
tudy population consisted of young, healthy, physically
ctive individuals rather than middle-aged men with possi-
le but undetected structural heart disease. Second, the
efinition of ER coded in the study was based on the presence
f a prominent J wave and upward concavity of the ST-
egment elevation in V3 to V6 precordial leads. In contrast,
there were few participants with 1.00 mm ST-segment
levation in any lead, including I, II, III, and aVF, and they
ere classified as “possible” phenotypes of ER with almost
o progression to the definite ER pattern over time. The
tudy therefore provided strong evidence that this young
opulation with an up-sloping ST-segment elevation was
ndeed at low risk, leaving unaddressed the question
hether a different ER pattern with J waves followed by
orizontal ST-segment elevation should be viewed as po-
entially arrhythmogenic (8,9). The clinical relevance of the
resentation pattern was also indicated by the results of a
ecent study that showed an inverse correlation between the
lope of ST-segment elevation and mortality risk in a large
lack population (11).
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follow-up period confirmed the favorable prognosis of these
participants; on the other hand, any robust statistical anal-
ysis of the factors associated with mortality was prevented.
An additional limitation of the study that deserves consid-
eration was the high percentage of dropout at the 20-year
follow-up visit. As indicated in the Online Table, black race
and longer QRS duration, which were associated with
maintenance of ER, were also associated with loss to
follow-up, thus making possible an overestimation of the
declining prevalence of ER and an underestimation of the
number of deaths (10). Nevertheless, the study provided
additional interesting pathophysiological insight that may
justify the low cardiovascular death rate observed in these
individuals. For example, the longer duration of QRS in
participants with a persistent ER pattern was likely due to
the slurring of the final part of QRS due to J-wave presence
rather than an intraventricular conduction defect secondary
to structural abnormalities; if present, participants with ER
ECG alterations were characterized by a reduced left
ventricular mass. A lower resting heart rate was also prev-
alent in these individuals, supporting the presence of a
better cardiovascular fitting and a more physiological mod-
ulation of sinus node in this low-risk group (12).
This study provided additional and relevant support to
the concept that J-wave and ST-segment elevation that
characterize ER pattern could be categorized into 2 main
types: type A, which is mainly detected in young, asymp-
tomatic, physically active males, more often of black race,
with a predominant ST-segment elevation in the precordial
leads and type B, which includes middle-aged individuals
with prominent J-wave and horizontal ST-segment eleva-
tion (8). In the latter group, J-wave amplitude could reflect
an increased dispersion of ventricular repolarization (i.e., an
electrophysiological alteration that may favor the occurrence
of malignant ventricular arrhythmia under specific condi-
tions such as acute myocardial ischemia or sympathetic
activation) (12).
In the future, this hypothesis should be validated in
appropriate registries and type B ER individuals should be
evaluated in terms of risk prediction. It is unknown at themoment if use of the most common noninvasive method-
ologies such as heart rate variability, heart rate turbulence,
or micro T-wave alternans analysis could be used to identify
individuals at higher risk (12).
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